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ABSTRACT 


Recent research has suggested that motor imagery may be helpful for the Rehabilitation of Parkinson's 
disease (PD) patients. Using MI, a movement can be imagined without muscles being activated. MI 
induces plastic changes in the motor cortex, improving motor performance. This systematic review was 
designed to examine the effects of MI on the physical rehabilitation of people with Parkinson's disease. 
Five databases were used to identify similar studies using selected keywords. This review assessed the 
“methodological quality of each randomized control trial study" using the eleven-point Physiotherapy 
Evidence Database scale, widely used to rate physiotherapy "literature". The benefits of using MI to treat 
patients with PD were identified in this review. Seven studies were identified; 6 studies reported motor 
function, two studies worked on bradykinesia, two on balance and two reported impairments in Gait in 
PD using MI. The included studies had small samples, varied methodological approaches, and varied 
quality from good to fair. According to the current review, MI provides more significant benefits for 
Parkinson's patients than conventional physical therapy alone when used along with other therapeutic 
methods for improving motor function and balance. 
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INTRODUCTION 


Motor imagery (MI) is a procedure of mentally 
practicing a motor task or activating specific muscles 
without explicit feedback’. This technique is a motor 
representation related to the preparation and intention 
of movements through which a person rehearses or 
repeats a particular action. It is mainly used in sports 
training as a mental activity exercise and neurological 
rehabilitation. Functional neuroimaging studies have 
depicted that during mental activation, frontal, parietal, 
primary cortex, basal ganglia, supplementary motor 
area, and cerebellum areas are mainly stimulated, 
especially during the execution of movement” 

The premotor cortex and_ inferior parietal lobule, 
related to motor cognition, are stimulated during MI. 
Movement implementation and core motor learning 


mechanisms are linked in this way. Imagination and 
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motor execution are, however, highly dependent on 
task complexity’. MI also provides the basis for brain- 
computer interface development for physically 
disabled persons, leading to more precise movement 
execution. MI can be contradictory, depending on how 
a task or rehearsal is linked with visual, acoustic, 
somatosensory and balanced perceptions and 
sensations’. 

In rehabilitation, the advantage of MI is that it gives 
freedom of movement capabilities, no chance of 
physical harm, limited financial costs, increased 
compliance, and no equipment requirement. In 
addition, MI also target many motor (for example, 
range of motion) and non-motor tasks that are 
cognitive and sensory (for example, self-confidence, 
pain and motivation) related to performance. Ml 
technique provides various delivery opportunities to 
physiotherapists virtually, physically and remotely. So, 
this technique is more relevant to many PD 
communities, including underserved and remote ones, 
thus targeting gaps and future directions documented 
by previous studies®. The primary motor cortex (M1) 
processes MI tasks and motor actions, as do the 
premotor, supplementary, and_ parietal motor 
cortexes’. The goal of MI is to imagine that 
movements or muscles are being activated or moved 
without actually moving or starting them. In many 
neurological disorders affecting motor recognition and 
execution, MI is highly effective at improving motor 
skills® 

Our hands and eyes mostly move in a coordinated 
manner in the execution of particular movements 
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during activities of daily living. The study depicted that 
the presence of visual data while performing 
purposeful actions adds to endpoint consistency and 
accuracy. Eye movements while executing the aimed 
task®. It has been shown that MI training sessions 
increase performance in terms of speed, performance 
accuracy, muscle strength, movement dynamics, and 
motor skill performance ~. 

Alterations in MI have also been known in many 
progressive or acute neurological disorders, such as 
multiple sclerosis, PD, and cerebrovascular lesions. 
Ml is believed to engage similar neural pathways used 
in motor tasks and linked kinesthetic, visual and 
sensory input integration'’. 

In Parkinson's disease, there is a decline in the level 
of dopamine in the basal ganglia, which causes motor 
and non-motor symptoms. Its symptoms may be 
treated with levodopa therapy, mainly as a_ highly 
active symptomatic treatment. The majority of long- 
term complications are managed with medications. 
However, certain motor features and complications 
require an active role in rehabilitation. Patients with 
PD can benefit from several rehabilitation strategies, 
including the MI technique, to aid them in learning 
motor skills '”. 

One study stated that action observation is a more 
feasible and safe procedure for Parkinson's patients to 
improve Gait and balance and reduce falls’*. Another 
study reviewed that imagery therapy and home-based 
action observation are possible in moderate to mild 
PD and provide an independent, low cost and flexible 
approach in addition to conventional neuro- 
rehabilitation’. In this systematic review, we aimed to 
identify and appraise studies that examined the role of 
MI in the physical rehabilitation of patients with 
Parkinson's disease. 


METHODOLOGY 


This systematic review was conducted to study the MI 
as a promising tool in the physical Rehabilitation of PD 
by using keywords' Motor Imagery’ or 'Mental Practice’ 
or 'Motor Imagery Training’ and Parkinson's disease 
OR_ 'Parkinsonism' OR _ 'Parksonian' on_ online 
databases, including Web of Science, Cochrane 
Library, PubMed, CINHAL and PEDro. One thousand 
six hundred forty articles were recruited from searches 
on selected databases. After excluding some articles 
based on duplication, irrelevant population, study 
design and outcomes, seven full-text articles were 
selected to add to this review. The study inquiry for 
this review was: What role may MI play in the physical 
Rehabilitation of PD? The PICOS strategy (population, 
intervention, comparison, outcome measures, study 
design strategy) was employed in this review. Patients 
with overt visual, cognitive, or hearing impairment 
were excluded from the study. The review included MI 
studies alone or with any other combination, 
randomized clinical trials, and analyses in English. 
(Figure 1) 
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Figure I: 
PRISMA flow diagram Eligibility and data synthesis 
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Data extraction and quality assessment 

Two reviewers carried out the data search for the 
localization of studies with the established strategy of 
the current systematic review. Data extraction 
included age, gender, sample size, intervention, 
Hoehn-Yahr scale dosage, outcome, and results of 
the included studies’? (Table 1). A Physiotherapy 
Evidence Database (PEDro) scale, widely used to 
measure the quality of studies in physiotherapy-based 
research, was used to assess the methodological 
quality of each RCT study. Inter-rater reliability of 
PEDro scores for physiotherapy interventions is ‘fair' 
to 'excellent' (interclass correlation coefficients of 0.53 
-0.91). Inter-rater reliability of PEDro scale items 
varies from 'fair' to ‘almost perfect' (Kappa 0.36-1.00) 
in physiotherapy trials. Increasing inter-rater reliability 
occurs when two or three raters agree on the total 
PEDro score and the individual PEDro scale items. A 
PEDro score of 0-3 is considered 'poor'’, a score of 4-5 
is considered ‘fair’, a score of 6-8 is considered 'good', 
and a score of 9-10 is considered 'excellent' 1°", 


RESULTS 


Quality appraisal of studies 

In total, seven studies, six rated as Good with Score 6 
to 8'*'82 Only one study** scored Fair with a score 
of 4 according to Pedro's rating scale’®. Random 
allocation, eligibility criteria and baseline prognostic 
indicators were reported in all seven studies. Out of 7 
studies, only two. studies'?*° lack information 
regarding concealed allocation. Only one study” was 
open-blinded. All seven studies reported between- 
group statistical comparisons. (Table Il) 
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Table I: Data Extraction of included studies 


Age Range/ 

Study Mean age Gender size 
SarassoE Dual-task Dual-task 25 
et al.”' group: group:8M/4F 

63.8149.23 Dual task 

Dual task +AOT-MI 

+AOT-MI group: 

group: 8M/5F 

67.5146.12 
Santiago CG:61.40+9.0 Both gen- 20 
et al.” 5 ders 

EG:61.30+9.95 
Lokhand- 60-75Years Both gen- 30 
wala M ders 
2019” 
Bek J et Range from 47 M/F: 9/1 10 
al."4 to 73 Year 
Abraham Mean age in MIF: 16/4 20 
A2018” the Dynamic 

Neuro- 

Cognitive 

Imagery (DNI) 

group was 

66.4 + 12.5, 

and in the 

control group 

was 65.1+7.5 
Tamir R Experimental M/F: 15/8 23 
2007°° group was 

67.4+9.7 and 

in the Control 

group, 

67.4+9.1 
Braun S The mean age M: 47 47 
201178 in the Experi- 


mental group 
was 70+8, and 
in the Control 
group was 
69+8 


Sample Experimental 


Group 


4 gait/balance 
Exercises by 
Using observa- 
tion/imagination 


mental practice 
and physical 
practice 


Physical prac- 
tice and mental 
imagery were 
provided to the 
experimental 
group (N=15). 


The experi- 
mental group 
received AC- 
TION-PD com- 
bined AO plus 
MI intervention 
for individuals 
with PD. (N= 6) 


The experi- 
mental group 
received DNI 
training (n = 10) 


The experi- 
mental group 
was treated with 
both imagery 
and real practice 


physiotherapy, 
mental practice 
and _ usual care 


Control 


4 gait/ 
balance 
Exercises 
without 
imagina- 
tion 


Physical 
practice 
only 


The con- 
trol group 
received 
only 
physical 
practice. 
(N=15) 


The con- 
trol group 
continued 
with their 
usual 

treatment 
for PD. (N 
=4) 


In-home 
learning 
and exer- 
cise pro- 
gram 
(control; n 
= 10) 


The con- 
trol group 
received 
only 
physical 
exercises. 


Physio- 
therapy, 
relaxation 
and usual 
care 
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Hoehn- 
Group Yahr scale 


01-03 


02-03 


01-03 


01-03 


1.5-03 


01-04 


Dosage 


6 weeks, 3 times a 
week, about 1 hour 
each session 


On the day of the 
initial assessment, 
a_ single training 
session was con- 
ducted, with steps 
1, 2, 3, 5 and 7 
performed by both 
groups and steps 4 
and 6 performed by 
the — experimental 
group. 

Both groups re- 
ceived 20 therapy 
sessions five days 


a week for four 
weeks. 
6-weeks training 
period 
Experimental and 
control groups 


completed at least 
16 hours of training 
within two weeks. 


Exercises for both 
groups were ap- 
plied during 1-hour 
sessions held twice 
a week for 12 
weeks. 


A six-week inter- 
vention period for 
both groups 


Outcome 
Measures 


H&Y scale, 
MDSUPDRS- 
Ul, MDS- 
UPDRS-III, 
Mini-BEST, 
TUG, 10-MWT, 
ABC, PDQ-39 
& NFoG-Q 


Qualisys Mo- 
tion Capture & 
TUG Test 


UPDRS, TUG 
Test, PDQ-39 
and Stroop test 


DextQ-24 , 
KVIQ, PDQ-39 
MoCA, CPF, 
MIQ-RS, KVIQ 
-20, & VMIQ-2 
UPDRS, 
Stroop and 


clock drawing 
tests 


VAS, TUG, & 
10-MWT 
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Results 


The study's findings 
reported that Using 
observation/ 
imagination improved 
dual-task mobility and 
balance in patients 
with PD. 


The study found that 
mental training did not 
significantly improve 
TUG scale __ scores 
compared to physical 
training. 


Between the two 
groups, the _ perfor- 
mance times from 


supine to standing and 


standing to supine 
were significantly 
different, with a_ p- 


value of 0.00, the TUG 
test with a p-value of 
0.003 and the Stroop 
test with a p-value of 
0.004. 


For people with mild to 
moderate PD, AO + MI 
training at home, 
performed via mobile 
technology, is feasible. 
In addition, | motor 
performance was 
better in the experi- 
mental group than in 
the control group. 


In this study, PD pa- 
tients with DNI training 
had improved imagea- 
bility, disease severity, 
and motor and non- 
motor functions. 


Compared to the 
control group, the 
treatment group 
showed _ significantly 
higher gains in the 
mental and motor 
subgroups of the 
UPDRS and cognitive 
tests. There was an 
improvement in daily 
living activities for both 
groups. 


The experimental 
group improved more 
than the control group, 
but not significantly. 
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Baseline Intention Between- pa 
Stud Randomly Concealed compara: Participant Therapist Assessor <15% to treat group and Eligibility Total 
y. allocation Allocation bility blinding blinding Blinding dropouts analysis patiie ie variability criteria Score 

reponse’ reported 
poco Y N Y N N Y Y Y Y Y Y 7/10 
Braun,S Y Y Y N N Y Y Y Y Y Y 8/10 

2011"8 

ee Y N Y N N Y Y N Y Y Y 6/10 
ae Y N Y N N N N N Y Y Y 40 
saage a Y Y Y N N Y Y N Y Y Y 7/10 
yeaa E Y Y Y N N Y Y Y Y Y Y 8/10 
Bek J etal. Y Y Y N N Y Y Y Y Y Y 8/10 


Sample characteristics 

A total of 175 patients with PD participated in 7 
studies. Out of 175 patients, the male-to-female ratio 
was 103:22 in 5. studies'®"92123. 47 male 
participants were the maximum number'®, and the 
minimum number was 87'. The maximum number of 
female participants was 8°. Bek J et al.'* researched 
only one female participant. All studies included 
patients with stage < A according to Hoehn and Yahr 
classification (H&Y)'°. The total time duration for 
treatment ranges from 2 weeks to 12 weeks. 
Types of Interventions in experimental groups 
Types of interventions used in the experimental g 
were mental imagery | jot functional activities’ 
Tablet computer App™, Dynamic neuro- cognitive 
imagery**, mental practice of walking, standing up 
from a chair or the floor, mental imagery of gait 
tasks'®, Dual task+ Action Observation Task - MI?" 
Types of interventions in the control group 


rou 
20,2 


Types of interventions used in the control group were 
Dual Task’" , conventional physical therapy”, Physical 
practice , of Gait’, Physical practice14., in-home 
learning’, callisthenic exercises”, flexibility, muscular 
strength and _ coordination exercises, relaxation 
exercises’, Physiotherapy with relaxation therapy’®. 
OUTCOMES 

Bradykinesia 

Of 7 studies, two worked on_ bradykinesia‘®??. 


Lokhandwala M 2019” reported the effectiveness of 
the combination in reducing bradykinesia, fear, and 
anxiety. The study showed improved time and 
confidence to perform functional activities through 
integrated physical and mental practice. UPDRS 
subsets for the experimental group showed less than 
significant improvement. This improvement is because 
MI is essential to cognition, motivation and memory. 
Experimental group. Tamir and fellows’? also agreed 
with these findings and showed significant results in 
reducing bradykinesia and improving motor function. 
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Outcome Measures for Bradykinesia 

Outcomes measures to assess bradykinesia were the 
performance of a movement sequence, UPDRS”, 
TUG (Timed up and go), ST: TS (Supine to Stand), 
and ST: TS (Stand to Supine) performance time””. 
Motor function 


Out of 7 studies, six were conducted to determine the 
effectiveness of MI on motor function'®*°. According to 
Amit and coworkers**, Dynamic neuro-cognitive 
imagery significantly improved motor function 
measures, specifically in the TUG manual and 360- 
degree Turn. Sarasso E et al.”’ reported that 
combining Action Observation Imagery-MI with the 
dual task is more beneficial for reorganizing the brain 
area, and these effects are long-lasting. 

Outcome measures for motor function 

Unified Parkinson's Disease Rating Scale(UPDRS) 
1922 Single and Dual Timed Up and Go (TUG) 
test'®°2"" Forward Gait Speed, 6-Minute Walk Test 
(6MWT), 30-Second Chair Stand, 360° Turn Test and 
Push and Release Test (PRT)** were used as 
outcome measuring tools for motor function. 

Balance 

Of 7 studies, two assessed balance as an 
outcome'?*". Tamir R 2007'° study also in favor of MI 
along with physical exercises for the improvement of 
balance. 

Outcome measures for balance 

Outcome measuring tools used were the Mini Balance 
Evaluation Systems Test (MiniBESTest)”’ and the 
Activities Balance Confidence Scale (ABC)'’. 

Gait 

Out of 7 studies, two assessed Gait as an outcome. 
These studies reported improvement in stance and 
swing time”° The intergroup difference was 
insignificant in one training session; however, the 
intragroup difference was significant. Braun S 2011"° 
described MI does not affect walking performance. 
However, patients with stages under three on the H&Y 
scale showed some improvement. 
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Outcome measures for Gait 

New Freezing of Gait Questionnaire (NFoG-Q)*' and 
Qualisys Motion Capture System”? were utilized as 
outcome measures. 

Other outcomes and outcome measures 

Dexterity, quality of life, MI ability, visual and 
kinesthetic ability, vividness, disease severity, 
psychological measures, and Activity of daily living 
(ADLs) were evaluated with balance, Gait, motor 
function, and bradykinesia. No _ significant 
improvement was seen in visual and kinesthetic ability 
and ADLs. Dexterity, cognition, and quality of life were 
improved. Tamir and fellows significantly improved the 
mental subset of the Unified Parkinson's Disease 
Rating Scale (UPDRS). 

These outcomes were assessed by Stroop Test”?, 
Dexterity Questionnaire (DextQ-24)", Kinesthetic and 
Visual Imagery Questionnaire (KVIQ)™, Parkinson's 
disease Questionnaire (PDQ-39)**, Montreal Cognitive 
Assessment (MoCA)*’, Composite Physical Function 
Scale (CPF)*’, The Movement Imagery Questionnaire- 
Revised Second Version (MIQ-RS)**, Vividness of 
Movement Imagery Questionnaire-Revised Version 
(VMIQ-2)*°. 


DISCUSSION 


Using MI for physical rehabilitation among individuals 
with PD was the aim of this systematic review. The 
benefits of MI for motor recovery are especially 
evident when long-term rehabilitation programs are 
used. In terms of neurorehabilitation, Ml appears to be 
a promising future technique. Several studies have 
demonstrated improved skills, strength, and function 
through MI in various neurological conditions**** 

The MI improves motivation, concentration and 
attention in patients with neurological disorders”’. 
According to Asavari and colleagues, MI adds value to 
physical therapy and is a practical way to elicit motor- 
evoked potentials (MEPs) in patients who cannot 
receive physical therapy because of severe motor 
impairments. Despite brain lesions, MI _ has 
consistently proven effective in motor rehabilitation 
through increased treatment or neural stimulation”®. 
Compared to other measurement approaches, 
neurofeedback demonstrates the highest success 
rates for motor symptoms in the early stages of 
development’. Parkinsonism is characterized by 
bradykinesia, also associated with Amyotrophic 
Lateral Sclerosis, which causes progressive 
degeneration of upper and lower motor neurons*”. 
Therefore, Abidi M et al.°' suggested that postural 
control can improve gait reorganization by reducing 
fear of falling, leading to altered gait patterns and 
locomotion imagery time. Individuals with PD have 
difficulty working on computers, such as reduced 
keyboard speed, hitting accidental keys when typing, 
and difficulty clicking or controlling a mouse. Another 
study by Woodrow-Hill 20214 indicated that MI can be 
an effective technique for smoothing movement in PD 
patients. 


a 
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In their study, Gil-Bermejo-Bernardez-Zerpa A 2021°° 
showed that MI and its combination with relaxation 
exercises helped improve motor skills, Gait, balance 
and quality of life in patients with Multiple Sclerosis. A 
study by Nicholson and colleagues found that MI 
training could improve balance and mobility in older 
adults without neurological conditions. The results of 
this study suggested that MI training could be an 
adjunct to standard physiotherapy care in older 
adults”. MI results in functional reorganization of 
motor control and executive attention areas when 
combined with dual-task gait/balance training, and has 
longer-lasting effects on mobility and balance?'. Bae 
et al. ** found that combining MI with balance training 
significantly improved patients' balance and gait 
abilities more than balance training alone. 

Li R-Q 2017°*° found an increase in walking speed of 
40% after MI treatment and significant improvements 
in step, foot rhythm, and other aspects. Woodrow- 
Hill 2021** reported that MI provides short-term Gait 
benefits when measured using walking speed. 
Another study by Gil-Bermejo-Bernardez-Zerpa A 
2021*° reported that MI enables more demanding or 
complex motor tasks, improving Gait and mobility in 
patients with PD. Moreover, it is reported that MI 
enhances the quality of life through the neurofeedback 
mechanism*°, 

Integrating MI with physical therapy treatment may 
reduce bradykinesia in patients with PD. MI could be 
an essential component of the cognitive strategies 
provided to these patients®’’. Avanzino L 2013°° 
observed the effects of MI on sequential movements 
in Parkinson's patients. The synchronization- 
continuation paradigm assessed the motor timing 
arrears in sequential movements through MI. 
Results suggested that PD patients showed 
discerning deficits in motor timing and motor 
execution, which can affect motor planning. It was 
also concluded that Timing deficits could affect MI 
abilities. 

MI techniques are used not only for PD rehabilitation 
but also for other disorders, as recent studies suggest 
for other neurological disorders such as 
cerebrovascular accidents, spinal cord injury and non- 
neurological disorders such as after knee arthroplasty 
and amputation®*“°. Although MI is very effective in 
various disorders, its limitations still influence its 
effectiveness. One necessity of MI is a quiet 
environment and one's concentration skills, so these 
factors can affect its effectiveness. Other factors that 
control its efficacy are longer session duration and 
age-related discrepancies***'. Limitations reported in 
studies were small sample size®'?*?, no follow-up®, 
short duration intervention, uncertainty about the dose 
and sensitivity of assessment tools'’. 

MI in the physical rehabilitation of PD has an essential 
role in activating the brain's neural network, thus 
enhancing its overall function. In addition to improving 
motor function, there are various benefits of MI, such 
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as its non-invasive nature, no safety issues, no need 
for equipment and trained staff and can be used in 
home-based intervention®’. The only English literature 
added to our review was one of the limitations of our 
study. Besides these benefits, further high-quality 
Clinical trials are required to implement MI as a 
therapeutic tool in the physical Rehabilitation of PD. 
Furthermore, more extensive studies should examine 
how MI practice combines with conventional PT for 
patients with Parkinson's disease, given the clinical 
and statistical significance of the findings. 


CONCLUSION 


Based on the results of this systematic review, MI 
interventions in PD are likely to have beneficial effects 
on balance, Gait, and motor functions. More studies 
with large sample sizes and a sound methodology 
should be conducted to assess the utility of MI. 
Moreover, technological advances could benefit the 
administration of training based on MI, and their 
application to Parkinson's Rehabilitation could lead to 
new protocols. 

Conflict of Interest: 
between the authors. 


Financial Disclosure / Grant Approval: Research 
work for this study was not funded by any funding 
agency. 

Data Sharing Statement: The corresponding author 
can provide the data proving the findings of this study 
on request. Privacy or ethical restrictions bound us 
from sharing the data publically. 

AUTHOR CONTRIBUTIONS 


Kashif M: Data Interpretation, drafting or critically 
reviewing its intellectual content, Final approval of the 
manuscript, agreement to be accountable for all 
aspects of the research work. 

Ahmad A: Interpretation; critically reviewing _ its 
intellectual content, Final approval of the manuscript, 
agreement to be accountable for all aspects of the 
research work, supervision. 

Bashir K: The acquisition, literature review, drafting of 
the work, final approval of the manuscript, AND the 
agreement to be accountable for all aspects of the 
research work. 

Farooq M: Design of the work, drafting work, Final 
approval of the manuscript, and integrity of any part of 
the work are appropriately investigated and resolved. 
Iqbal S: Interpretation of data for the work, revising it 
critically for important intellectual content, Final 
approval of the manuscript, and integrity of any part of 
the work are appropriately investigated and resolved. 
Nadeem |: Design of the work, manuscript drafting, 
and all integrity issues related to the work are 
investigated and resolved appropriately. 


REFERENCES 


1. Readman MR, Crawford TJ, Linkenauger SA, Bek 
J, Poliakoff E. Motor imagery vividness and 
symptom severity in Parkinson's disease. 


There is no conflict of interest 


228 


J Liaquat Uni Med Health Sci OCTOBER - DECEMBER 2023; Vol 22: No. 04 


10. 


11. 


12. 


13. 


J Neuropsychology. 2023; 180-92. 
doi: 10.1111/ jnp.12293. 

Leiguarda R, Cerquetti D, Tenca E, Merello M. 
Globus pallidus internus firing rate modification 
after motor-imagination in three Parkinson's 
disease patients. J Neural Transm(Vienna). 2009; 
116(4): 451-5. doi: 10.1007/s00702-009-0203-3. 
Epub 2009 Mar 10. 

Kober SE, Grdssinger D, Wood G. Effects of 
motor imagery and visual neurofeedback on 
activation in the swallowing network: A real-time 
fMRI study. Dysphagia. 2019; 34(6): 879-95. doi: 
10.1007/s00455-019-09985-w. Epub 2019 Feb 15. 
Mizuguchi N, Kanosue K. Changes in brain 
activity during action observation and motor 
imagery: Their relationship with motor learning. 
Prog Brain Res. 2017; 234: 189-204. doi: 
10.1016/bs.pbr.2017. 08.008. Epub 2017 Sep 14. 
Hanakawa T. Organizing motor imageries. 
Neurosci Res. 2016; 104: 56-63. doi: 10.1016/ 
j.neures.2015.11.003. Epub 2015 Nov 19. 
Abraham A, Duncan RP, Earhart GM. The Role of 
Mental Imagery in Parkinson's Disease 
Rehabilitation. Brain Sci. 2021; 11(2): 185. 
doi: 10.3390/brainsci1 1020185. 

Lindsay RS, Larkin P, Kittel A, Spittle M. Mental 
imagery training programs for developing sport- 
specific motor skills: a systematic review and 
meta-analysis. Phys Educ Sport Pedagogy. 2023; 
28(4): 444-65. doi: 10.1080/17408989.2021. 
19911297. 

Castillo-Rangel C, Marin G, Hernandez-Contreras 
KA, Vichi-Ramirez MM, Zarate-Calderon C, 
Torres-Pineda O et al. Neuroinflammation in 
Parkinson's Disease: From Gene to Clinic: A 
Systematic Review. Int J Mol Sci. 2023; 24(6): 
5792. doi: 10.3390/ijms24065792. 

Heremans E, Smits-Engelsman B, Caeyenberghs 
K, Vercruysse S, Nieuwboer A, Feys P et al. 
Keeping an eye on imagery: the role of eye 
movements during motor imagery _ training. 
Neurosci. 2011; 195: 37-44. doi: 10.1016/ 
neuroscience2011.07.030. 

Dickstein R, Deutsch JE. Motor imagery in 
physical therapist practice. Phys Ther. 2007; 87 
(7): 942-53. doi: 10.2522/ptj.20060331. Epub 
2007 May 1. 

Monaco MRL, Laudisio A, Fusco D, Vetrano DL, 
Ricciardi D, Zuccala G et al. Laterality in 
Parkinson's disease may predict motor and visual 
imagery abilities. Funct Neurol. 2018; 33(2): 106-11. 
Rochester L, Baker K, Hetherington V, Jones D, 
Willems AM, Kwakkel G et al. Evidence for motor 
learning in Parkinson's disease: acquisition, 
automaticity and retention of cued gait 
performance after training with external rhythmical 
cues. Brain Res. 2010; 1319: 103-11. doi: 
10.1016/j.brainres.2010.01. 001. Epub 2010 Jan 11. 
Di lorio W, Ciarimboli A, Ferriero G, Feleppa M, 
Baratto L, Matarazzo G et al. Action Observation 


17(1): 


Kashif et al. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


in People with Parkinson's Disease. A Motor— 
Cognitive Combined Approach for Motor 
Rehabilitation. A Preliminary Report. Diseases. 
2018; 6(3): 58. doi: 10.3390/diseases6030058. 
Bek J, Holmes PS, Craig CE, Franklin ZC, 
Sullivan M, Webb J et al. Action Imagery and 
Observation in Neurorehabilitation for Parkinson's 
Disease (ACTION-PD): development of a user- 
informed home training intervention to improve 
functional hand movements. Parkinson's Dis. 
2021; 2021: 4559519. doi: 10.1155/2021/455 
9519. 

Rabey JM, Korczyn AD. The Hoehn and Yahr 
Rating Scale for Parkinson's Disease. In: 
Przuntek, H., Kraus, P.H., Klotz, P., Korczyn, A.D. 
(eds) Instrumental Methods and Scoring in 
Extrapyramidal Disorders. Springer, Berlin, 
Heidelberg. https://doi.org/10.1007/978-3-642- 
78914-4 2. 

de Morton NA. The PEDro scale is a valid 
measure of the methodological quality of clinical 
trials: a demographic study. Aust J Physiother. 
2009; 55(2): 129-33. doi: 10.1016/s0004-9514(09) 
70043-1. 

Maher CG, Sherrington C, Herbert RD, Moseley 
AM, Elkins M. Reliability of the PEDro scale for 
rating quality of randomized controlled trials. Phys 
Ther. 2003; 83(8): 713-21. 

Braun S, Beurskens A, Kleynen M, Schols J, 
Wade D. Rehabilitation with mental practice has 
similar effects on mobility as rehabilitation with 
relaxation in people with Parkinson's disease: a 
multicentre randomised trial. J Physiother. 2011; 
57(1): 27-34. doi: 10.1016/S1836-9553(11)70004-2. 
Tamir R, Dickstein R, Huberman M. Integration of 
motor imagery and physical practice in group 
treatment applied to subjects with Parkinson's 
disease. Neurorehabil Neural Repair. 2007; 21(1): 
68-75. doi: 10.1177/1545968306292608. 

Santiago LMdM, de Oliveira DA, de Macédo 
Ferreira LGL, de Brito Pinto HY, Spaniol AP, de 
Lucena Trigueiro LC et al. Immediate effects of 
adding mental practice to physical practice on the 
Gait of individuals with Parkinson's disease: 
randomized clinical trial. NeuroRehabilitation. 
2015; 37(2): 263-71. doi: 10.3233/NRE-151259. 
Sarasso E, Agosta F, Piramide N, Gardoni A, 
Canu E, Leocadi M et al. Action Observation and 
Motor Imagery Improve Dual Task in Parkinson's 
Disease: A Clinical/fMRI Study. Mov Disord. 2021; 
36(11): 2569-82. 

Lokhandwala M, Kulkarni V, Nair M. Comparison 
of Combined Effects of Physical and Mental 
Practice with Physical Practice alone on 
Functional Independence in Parkinson (PD) 
Patients. Int J Physiother Res. 2019; 7: 3207-13. 
doi: 10.16965/ijpr.2019.160. 

Abraham A, Hart A, Andrade I, Hackney ME. 
Dynamic neuro-cognitive imagery improves 


229 


J Liaquat Uni Med Health Sci OCTOBER - DECEMBER 2023; Vol 22: No. 04 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


mental imagery ability, disease severity, and 
motor and cognitive functions in people with 
Parkinson's disease. Neural Plast. 2018; 2018: 
6168507. doi: 10.1155/2018/6168507. 
Bovend’Eerdt TJ, Dawes H, Sackley C, Wade DT. 
Practical research-based guidance for motor 
imagery practice in neurorehabilitation. Disabil 
Rehabil. 2012; 34(25): 2192-2200. doi: 10.3109/ 
09638288.2012.676703. Epub 2012 Apr 25. 
Nicholson V, Watts N, Chani Y, Keogh JW. Motor 
imagery training improves balance and mobility 
outcomes in older adults: a systematic review. J 
Physiother. 2019; 65(4): 200-207. 

Jackson PL, Lafleur MF, Malouin F, Richards C, 
Doyon J. Potential role of mental practice using 
motor imagery in neurologic rehabilitation. 
Arch Phys Med Rehabil. 2001; 82(8): 1133-41. 
doi: 10.1053/ apmr.2001.24286. 

Oostra KM. Mental Practice through motor 
imagery in gait rehabilitation following acquired 
brain injury. Thesis: Ghent University; 2016. 
Gowda AS, Memon AN, Bidika E, Salib M, 
Rallabhandi B, Fayyaz H. Investigating the 
Viability of Motor Imagery as a_ Physical 
Rehabilitation Treatment for Patients With Stroke- 
Induced Motor Cortical Damage. Cureus. 2021; 
13(3): €14001. doi: 10.7759/cureus.14001. 

Anil K, Hall SD, Demain S, Freeman JA, Ganis G, 
Marsden J. A Systematic Review of 
Neurofeedback for the Management of Motor 
Symptoms in Parkinson's Disease. Brain Sci. 
2021; 11(10): 1292. 

Calvo A, Chid A, Pagani M, Cammarosano S, 
Dematteis F, Moglia C et al. Parkinsonian traits in 
amyotrophic lateral sclerosis (ALS): a prospective 
population-based study. J Neurol. 2019; 266(7): 
1633-42. doi: 10.1007/s00415-019-09305-0. Epub 
2019 Apr 4. 

Abidi M, De Marco G, Grami F, Termoz N, 
Couillandre A, Querin G et al. Neural correlates of 
motor imagery of Gait in amyotrophic lateral 
sclerosis. J Magn Reson Imaging. 2021; 53(1): 
223-33. doi: 10.1002/jmri.27335. Epub 2020 Sep 7. 
Bae YH, Ko Y, Ha H, Ahn SY, Lee W, Lee SM. An 
efficacy study on improving balance and Gait in 
subacute stroke patients by balance training with 
additional motor imagery: a pilot study. J Phys 
Ther Sci. 2015; 27(10): 3245-8. doi: 10.1589/jpts. 
27.3245. Epub 2015 Oct 30. 

Li RQ, Li ZM, Tan JY, Chen GL, Lin WY. Effects 
of motor imagery on walking function and balance 
in patients after stroke: A quantitative synthesis of 
randomized controlled trials. Complement Ther 
Clin Pract. 2017; 28: 75-84. doi: 10.1016/j.ctcp. 
2017.05.009. Epub 2017 May 26. 

Woodrow-Hill C, Poliakoff E, Gowen E, Vogt S, 
Sullivan M. Can action observation and/or motor 
imagery be used to improve computer-based 
actions in people with Parkinson's? In BNA 2021 


Kashif et al. 


35. 


36. 


37. 


38. 


Festival of Neuroscience Poster abstracts. Vol. 5. 
Sage Publications Ltd. 2021. p. 235-236. (Brain 
and Neuroscience Advances). doi: 10.1177/2398 
2128211035062. 

Gil-Bermejo-Bernardez-Zerpa A, Moral-Munoz JA, 
Lucena-Anton D, Luque-Moreno C. Effectiveness 
of motor imagery on motor recovery in patients 
with multiple sclerosis: systematic review. Int J 
Environ Res Public Health. 2021; 18(2): 498. 
doi: 10.3390/ijerph18020498. 

Moshref-Razavi S, Sohrabi M, Sotoodeh MS. 
Effect of neurofeedback interactions and mental 
imagery on the elderly's balance. Iran J Ageing. 
2017; 12(3): 288-99. doi: 10.21859/sija.12.3.288. 
Mirelman A, Rochester L, Maidan |, Del Din §S, 
Alcock L, Nieuwhof F et al. Addition of a non- 
immersive virtual reality component to treadmill 
training to reduce fall risk in older adults (V-TIME): 
a randomised controlled trial. Lancet. 2016; 388 
(10050): 1170-82. doi: 10.1016/S0140-6736(16) 
31325-3. Epub 2016 Aug 11. 

Avanzino L, Pelosin E, Martino D, Abbruzzese G. 
Motor timing deficits in sequential movements in 
Parkinson disease are related to action planning: 
a motor imagery study. PloS One. 2013; 8(9): 
e75454. doi: 10.1371/journal.pone.0075454. 


OK 


230 


J Liaquat Uni Med Health Sci OCTOBER - DECEMBER 2023; Vol 22: No. 04 


39. 


40. 


A. 


42. 


Caligiore D, Mustile M, Spalletta G, Baldassarre 
G. Action observation and motor imagery for 
Rehabilitation in Parkinson's disease: A 
systematic review and an integrative hypothesis. 
Neurosci Biobehav Rev. 2017; 72: 210-22. 
doi: 10.1016/j.neubiorev.2016.11.005. Epub 2016 
Nov 16. 

Taube W, Mouthon M, Leukel C, Hoogewoud HM, 
Annoni JM, Keller M. Brain activity during 
observation and motor imagery of different 
balance tasks: an fMRI study. Cortex. 2015; 64: 
102-14. doi: 10.1016/j.cortex.2014.09.022. Epub 
2014 Oct 27. 

Kim JY, Kim JM, Ko EY. The effect of the action 
observation physical training on the upper 
extremity function in children with cerebral palsy. J 
Exerc Rehabil. 2014; 10(3): 176-183. doi: 
10.12965/jer.140114. 

Sarasso E, Agosta F, Chiesi M, Piramide N, Canu 
E, Ravani | et al. Clinical and fMRI Effects of 
Action Observation and Motor Imagery Training 
on Dual-Task Performances in Parkinson's 
Disease Patients With Postural Instability and Gait 
Disorders (P5. 6-010). Neurology. 2019; 92(Suppl 
15): P5.010. 


